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Abstract

The current study evaluated the effectiveness of a go/no-go successive matching-to-sample (SMTS) to establish auditory-visual equivalence classes with college students. A sample and a
comparison were presented, one at a time, in the same location. The auditory stimulus played for
3 s. A green box appeared in the center for participants to touch to produce the comparison.
When the comparison was an auditory stimulus, a white box appeared. During training touching
the visual comparison that was related to the auditory sample (e.g., A1B1) produced points,
while touching or refraining from touching an unrelated comparison (e.g., A1B2) produced no
consequences. Following training (AB/AC), participants were tested on untrained relations (i.e.,
BA/CA and BC/CB) as well as tacting and sorting. For BA/CA relations, a white box appeared
for the selection response to the auditory comparison. For BC/CB relations, participants touched
the visual comparison as the selection response. Across two experiments, all participants met
emergence criterion for untrained relations and for sorting. Additionally, 14 out of 24
participants tacted all visual stimuli correctly. Results suggest the auditory-visual S-MTS
procedure is an effective alternative to simultaneous MTS for establishing conditional relations
and cross-modal equivalence classes.
Keywords: derived relations, equivalence, listener behavior, matching-to-sample, sorting
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The Establishment of Auditory-Visual Equivalence Classes with a Go/No-Go Successive
Matching-to-Sample Procedure
A common method for establishing auditory-visual conditional discriminations in both
research and practice is through the matching-to-sample (MTS) procedure (Birch & Belmont,
1964). In a standard MTS training trial, the presentation of a sample stimulus (e.g., the dictated
word “dog”) is followed by at least three comparisons (e.g., pictures of a cat, a dog, and a pig).
Reinforcement occurs for selection of the correct comparison conditional on the sample and the
array of comparisons (Green & Saunders, 1998). From these procedures, MTS can lead to the
substitutability of stimuli. In other words, samples and all corresponding comparisons become
equivalent.
Sidman and Tailby (1982) developed specific tests including reflexivity, symmetry, and
transitivity, to verify the emergence of equivalence classes. For instance, after learning AB and
BC relations, reflexivity measures whether the learner can select comparisons that are identical
to the sample (e.g., select comparison A in the presence of sample A). Symmetry is demonstrated
when the learner selects comparison A or B in the presence of sample B or C, respectively.
Lastly, transitivity/combined equivalence relations are demonstrated when the learner selects
comparisons A and C in the presence of samples C and A, respectfully. It is important to note
that for equivalence classes to emerge, the conditional relations among stimuli are not taught
directly. Rather, only some relations are taught (e.g., AB and BC) and as a result, new untaught
relations emerge (BA, CB, AC, CA; Sidman, 2009).
Although simultaneous MTS is widely used when teaching auditory-visual conditional
(i.e., listener behavior) relations to children with autism (Bao et al., 2017; Dixon et al., 2017;
Kobari-Wright & Miguel, 2014; McLay et al, 2013; Vedora & Barry, 2016), several prerequisite
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skills may be at play (Green, 2001; Green & Saunders, 1998). For instance, the participant must
differentially respond to a) comparisons that are discriminative (SD) and non-discriminative (Sdelta) for reinforcement within a trial (i.e., simple simultaneous discrimination) and, b) each
sample across trials (i.e., simple successive discriminations). Children with developmental
disabilities may lack these skills or have difficulty responding to these types of tasks, rendering
the simultaneous MTS unsuccessful in establishing auditory-visual conditional discriminations
(Da Hora et al., 2019). Although alternatives to simultaneous MTS have been proposed (e.g.,
Debert et al., 2007), a promising methodology involves the successive presentation of individual
stimuli across trials (Frank & Wasserman, 2005), namely, successive matching-to-sample with
go/no-go trial presentations (S-MTS).
In S-MTS, the sample stimulus is presented for a fixed amount of time before one
comparison stimulus appears in its place. During training, reinforcement follows responses to
correct sample-comparison relations (e.g., A1B1) and does not follow responses to incorrect
sample-comparison relations (e.g., A1B2). During testing, no programmed consequences are in
place for responding. Participants learn to touch the correct comparisons (e.g., if A1 then touch
B1; go trials) and to refrain from touching the incorrect comparisons (e.g., if A1 then do not
touch B2; no-go trials). The go/no-go S-MTS procedure has been successful in establishing
conditional relations among visual stimuli in both pigeons (Frank & Wasserman, 2005; Urcuioli,
2008) and typically developing adults (Howland et al., 2020; Lantaya et al., 2018; Smeets et al.,
2006).
Lantaya et al. (2018) exposed 32 college students to a visual-visual S-MTS training to
produce two and three, 3-member equivalence classes across four experiments. The task began
with a sample stimulus on a computer screen. Participants touched the sample, after which one
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comparison appeared in the same location at a 0-s delay. Participants either touched the
comparison if it was related to the sample or waited until the comparison disappeared after 5 s if
it was not related to the sample (i.e., did not touch the comparison). During training,
experimenters prompted participants to touch related comparisons at 4 s if they did not do so
independently. Touching related (e.g., A1B1) comparisons produced praise, whereas touching
unrelated (e.g., A1B2) comparisons produced either an error correction (Experiment 1) or no
programmed consequences (Experiments 2–4). Other variables, such as number of classes
(Experiment 3) and omission of pretests (Experiment 4), were also evaluated. Across all
experiments, 19 of 32 (59%) participants met emergence criterion on equivalence tests. Failures
on equivalence relations may have been due to type and availability of instructions (Smeets et
al., 2006), comparison duration (Debert et al., 2009), and mastery criterion during baseline
training (Bortoloti et al., 2013; Fienup & Brodsky, 2017).
Howland et al. (2020) provided access to instructions by leaving them in front of
participants throughout the experiment (Smeets et al., 2006). The authors also increased the
duration of time that comparisons remained on the screen from 5 s to 8 s in all phases to give
participants additional time to respond to novel relations (Debert et al., 2009). Lastly, the authors
increased baseline training mastery criterion from one to two blocks at 100% correct responding.
After these procedural modifications, 22 of 24 (92%) participants responded correctly during
equivalence tests, suggesting that previous low yields were a function of specific procedural
parameters, and that S-MTS may serve as an alternative to simultaneous MTS for the
establishment of conditional relations among visual stimuli.
To the current authors’ knowledge, S-MTS has never been evaluated for establishing
auditory-visual conditional discrimination (although see Annett & Leslie, 1995 for olfactory-
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visual conditional discrimination and Woods et al., 2004 for visual-visual identity matching).
Given the importance of auditory-visual discriminations in applied practice (Groskreutz et al.,
2010; Keintz et al., 2011), assessing an alternative to MTS seems warranted. Thus, the purpose
of Experiment 1 was to utilize an auditory-visual S-MTS procedure to establish two, 3-member
equivalence classes, while the purpose of Experiment 2 was to generalize the equivalence-based
S-MTS procedure to three, 3-member classes and a sorting task with typical adults. One
advantage of establishing conditional relations comprised of auditory and visual stimuli in a SMTS format is the possibility of using auditory stimuli as comparisons during symmetry tests. In
addition, considering the importance of auditory-visual conditional discriminations in the
establishment of listener behavior with individuals with developmental disabilities (e.g., Grow &
LeBlanc, 2013; Maljaars et al., 2012), an initial evaluation of the auditory-visual S-MTS
procedure with typically developing adults seems necessary.
Experiment 1
Method
Participants
Eight typically developing adults averaging 23 years old (range, 20-28), recruited from
undergraduate psychology courses at a large public university participated. They had no previous
exposure to stimulus equivalence content in their coursework and had not participated in any
stimulus control research. Participants could end the experiment at any time and they received
course credit regardless of their performance. The university’s Institutional Review Board (IRB)
approved all procedures described below.
Setting and Materials
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Research sessions took place in a 3 x 5 m room on campus equipped with one large table,
six chairs, and two computer stations. The computer presented all experimental tasks via
software developed using Microsoft Visual Basic® (Lantaya et al., 2018). An experimenter and a
second observer sat beside and behind the participants, respectively. Materials for the
experimental condition included four pictures of shapes measuring 3.8 x 3.8 cm (i.e., B1, C1, B2,
and C2) and two spoken one-syllable arbitrary words (i.e., A1 and A2) (see Figure 1). Materials
for pretraining included a picture and a cartoon image of a horse and a mouse measuring 3.8 x
3.8 cm and the spoken words “horse” and “mouse,” presented within the computer software.
Participants received laminated instruction cards measuring 7.5 x 12.5 cm with a Times New
Roman 11-point font. A white outline of a rectangle measuring 10 x 15 cm for holding
instruction cards was out of peripheral view of participants, located to the left and 0.3 m away of
the participant. After participants read the instructions out loud, they placed the instruction card
in the white box.
Procedure
All participants were exposed to the following sequence of conditions: pretraining, tact,
BA/CA, and BC/CB pretests, baseline relations (AB/AC) training and testing, and finally,
symmetry (BA/CA), equivalence (BC/CB), and tact posttests.
S-MTS Presentation. The experiment utilized a one-to-many (OTM) training structure
(e.g., Arntzen, 2012) so that during training the sample stimulus was always auditory. This
structure has been shown to be effective in producing equivalence classes using simultaneous
MTS in both typically developing adults (e.g., Albright et al., 2015) and children with
developmental delays (e.g., Arntzen, Halstadtro et al., 2010). During testing, the sample stimulus
was visual, and the comparison was either auditory (symmetry) or visual (equivalence).
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Depending on the condition, either an auditory sample was played three times (repeated
presentations for auditory stimuli; Green, 2001) or a visual sample was presented in the center of
the screen. If the sample was auditory, a green box appeared at a 0-s delay in the center of the
screen after the auditory sample finished playing for participants to touch to produce the
comparison. If the sample was visual, participants touched the sample to produce the
comparison. All comparisons were presented at a 0-s delay. If the comparison was visual,
participants touched or refrained from touching the comparison depending on the relation. If the
comparison was auditory, a white box appeared at a 0-s delay in the center of the screen after the
auditory comparison finished playing for participants to touch or refrain from touching
depending on the relation. Participants had 8 s to respond to the comparison before the next trial
started (Debert et al., 2009). Trials were separated by a 2-s intertrial interval (ITI) across all
experimental tasks. The computer randomly interspersed correct (i.e., go) and incorrect (i.e., nogo) sample and comparison combinations within a 16-trial block in which each related and nonrelated relation appeared twice.
Each new experimental condition (pretest, baseline training, baseline test, symmetry,
equivalence) began with participants reading the instructions aloud on a laminated card (see
Table 1). Once participants read the card, they placed it in its designated location to the left and
out of peripheral vision of the participants. Participants could re-read the instruction cards at any
point during the experiment by removing the card from its location, but they had to place it back
before returning to the experimental program. This provided a discrete and observable measure
of re-reading the instructions.
Pretraining. The purpose of this phase was to teach participants to use the computer
program. Trials appeared in the same S-MTS format as described above but with words and
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pictures familiar to the participants. In addition, the experimenters provided the same instruction
as in the experimental condition, except for minor changes related to the nature of the stimuli
(see Table 1). The auditory stimuli consisted of the spoken words’ “horse” and “mouse” and the
visual stimuli were pictures and cartoon drawings of those animals (see Figure 3). Instructions,
prompts, and order of training and testing conditions for pretraining were the same as in the
experimental conditions with arbitrary stimuli. Participants needed to respond correctly on at
least four trials of pretraining baseline relations (e.g., /horse/ to picture and /horse/ to drawing of
the horse), symmetry test (e.g., picture of a horse to /horse/ and drawing of horse to /horse/), and
equivalence test (e.g., picture to drawing of a horse and drawing to picture of a horse) before
progressing to experimental conditions. All participants responded correctly within the first four
trials of each phase.
Pretests. Participants completed tact, BA/CA, and BC/CB pretests to ensure they did not
already respond to those relations prior to training. Continuation criterion for BA/CA and BC/CB
pretests was set at or below 69% (11 out of 16) for correct go and no-go responding for either
one or two 16-trial blocks (Howland et al., 2020; Lantaya, 2018). Criterion was set at 69%
because participants could score 50% by either touching all comparisons or refraining from
touching all comparisons. Experiments did not expect participants to respond with correct tacts
during any pretest trials as tacts were arbitrarily assigned and should not have been familiar to
participants (e.g., “vek,” “zog”).
AB/AC Baseline Training. This condition served to teach participants to touch related
comparisons (i.e., A1B1, A1C1, A2B2, A2C2) and to refrain from touching unrelated
comparisons (i.e., A1B2, A1C2, A2B1, A2C1; see Table 2). Only two classes were taught to
ensure blocks had an equal number of go and no-go trials. During training, all samples consisted
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of auditory stimuli and all comparisons were visual stimuli in the form of shapes. At the start of
each trial, an auditory stimulus (one-syllable word) played three times from the computer and
then a green box appeared on the center of the screen. Participants had to touch the green box to
produce the comparison stimulus. Once they touched the green box, a single visual comparison
(B or C) appeared in its place at a 0-s delay. On “go” trials, the experimenter vocally prompted
participants to touch the comparison by saying, “Touch,” at a 4-s delay if they did not do so
independently. Experimenters did not provide prompts during no-go trials. Prompting procedures
ensured that participants contacted reinforcement for touching correct comparisons they would
otherwise not touch. When participants touched the related comparison (e.g., A1B1; regardless
of whether it was prompted or independent), a sound was played and accumulated points
appeared at the top of the screen at a 0-s delay; there were no programmed consequences for
touching or for refraining from touching unrelated comparisons (Debert et al., 2007). The
comparison stayed on the screen for a total of 8 s before the next set of sample and comparisons
appeared. Comparisons appeared for a fixed time to prevent participants from touching stimuli to
remove them from the screen, as well as to ensure that training and testing conditions were
similar. Mastery criterion for training was 100% (16 out of 16) for correct go and no-go
responding for two consecutive 16-trial blocks.
AB/AC Baseline Test. During this condition, participants read new instructions (see
Table 1), no programmed consequences (i.e., no sounds or points) followed correct or incorrect
responses, and no prompts were provided. All other components were identical to AB/AC
baseline training. The purpose of this phase was to ensure participants could respond to baseline
relations in the absence of reinforcement and prompts, and to prepare them to continue
responding on emergent relations’ tests (symmetry and equivalence). Baseline testing criterion
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was 100% (16 out of 16) for correct go and no-go responding for one, 16-trial block. Participants
returned to AB/BC baseline training if they scored below 100%; however, remediation was not
necessary as all participants met training criterion (see Results).
BA/CA Symmetry Test. A trial began with the presentation of a visual sample (e.g.,
B1) in the center of the screen. Participants touched the image, after which (0-s delay) an
auditory comparison (e.g., A1) played three times. An image of a white box outlined in black
appeared immediately after the auditory stimulus stopped playing. The white box served to direct
participants where to touch during related trials. Emergence criterion was 94% (15 out of 16) for
correct go and no-go responding for two consecutive 16-trial blocks. If participants failed to
meet the emergence criterion, testing continued until the participant demonstrated stable
incorrect performance for at least three blocks of identical scores or three blocks with decreasing
scores. If there was an increasing trend, testing continued until participants met emergence
criterion or performance became stable for three blocks. All combinations of BA and CA
relations were tested within the same block, no prompts were provided, and no programmed
consequences followed correct or incorrect responses. Regardless of how participants responded
on symmetry tests, they moved on to the BC/CB equivalence test.
BC/CB Equivalence Test. For this condition, participants completed a combined test of
BC and CB relations. A trial began with the presentation of a visual sample (e.g., B1).
Participants touched the sample and a visual comparison (e.g., C1) appeared in the same location
at a 0-s delay. Testing procedures were the same as in the BA/CA symmetry test described
above. Equivalence emergence criterion was set at 94% (15 out of 16) for correct go and no-go
responding for two consecutive 16-trial blocks. Testing continued if there was an increasing
trend. Criterion for termination of the BC/CB equivalence testing was the same as for the BA/CA
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symmetry test. If participants met termination criterion, they returned to baseline training and
testing conditions for remediation before equivalence tests were presented for the second time.
However, remediation was not necessary as all participants met criterion (see Results).
Tact Test. The final experimental condition served to evaluate the effects of listener
training on emerging speaker behavior in the form of tacts. Tact tests consisted of the
presentation of a single image on the screen while the experimenter asked the participant either,
“What is it?” or “What is it called?” to prevent strict control by the instruction. The test consisted
of one, 8-trial block, in which each image appeared twice.
Dependent Variables
The main dependent variable for S-MTS training and testing was the percentage of
correct go and no-go responses. A correct response was defined as independently (without
prompting) touching the correct comparison (i.e., go) and refraining from touching the incorrect
comparison (i.e., no-go). In addition, the experimenter collected data on the percentage of correct
vocal tacts, number of trials to meet training and testing criteria, the number of times participants
re-read instructions, and reaction time on go-trials. The computer program recorded reaction time
from the presentation of a comparison and the selection response during both training and testing
conditions.
Experimental Design
The study employed a two-tier non-concurrent multiple-baseline across participants
design (Watson & Workman, 1981) to demonstrate the effects of auditory-visual S-MTS training
on the emergence of equivalence classes and emergent tacts. The first tier of participants
completed one BA/CA and BC/CB pretest block and the second tier of participants
completed two BA/CA and BC/CB pretest blocks. This design served to demonstrate that the
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establishment of conditional relations was not a result of repeated exposure to experimental
stimuli or any other variable, but rather a product of the experimental contingencies. The second
participant in the tier only received two pretest blocks to limit exposure to derived relations, as
equivalence performance may be negatively affected by multiple pretests (Lantaya et al., 2018).
Interobserver Agreement and Treatment Integrity
Although the computer software automatically recorded selection responses, reaction
times, and presented all stimuli, an independent observer was necessary to track whether
responses during baseline training were independent or prompted by the experimenter, to record
vocal responses during tact tests, and in the event of a software malfunction. An independent
observer collected data on correct and incorrect responses for 100% of sessions across all
experimental conditions. Interobserver agreement (IOA) was calculated by dividing the number
of agreements by the sum of agreements and disagreements, then multiplying by 100 (Kazdin,
2011). IOA averaged 98.6% (range, 96.1%-100%). Treatment integrity (TI) data were collected
for 100% of sessions across all experimental conditions on the experimenter’s delivery of
prompts at a 4-s delay on go trials and non-delivery on no-go and all testing trials. TI was
calculated by dividing the number of trials accurately implemented by the total number of trials
per block, multiplied by 100. TI averaged 99.6% (range, 99%-100%).
Results
Figure 2 depicts the percentage of correct independent go and no-go responses for
participants 1 through 8 across all experimental conditions. Participants never responded
correctly when asked “What is it called/What is it?” in the presence of B1, C1, B2 and C2 during
the tact pretest. Four participants (P4, P5, P6, and P7) scored 50% on all presentations of BA/CA
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and BC/CB pretests by not touching any of the relations. P1, P2, P3, and P8 responded between
19% and 63% correctly during BA/CA and BC/CB pretests.
During AB/AC baseline training, participants required between 64–128 trials to reach
baseline mastery criterion (i.e., baseline training and testing blocks). All participants responded
without errors during the baseline relations test, suggesting that the absence of reinforcement did
not disrupt or weaken baseline performance. In addition, all eight participants met symmetry and
equivalence emergence criteria in two blocks, rendering remediation unnecessary. Two
participants (P4 and P7) re-read the instructions only during BA/CA and/or BC/CB pretests, two
participants (P5 and P8) re-read during baseline training, P8 also re-read the instructions during
the equivalence test, and P2 re-read during pre- and posttests only (noted with an asterisk in
Figure 2). Re-reading varied across experimental conditions and did not seem to affect
performance.
Responses on post-tact tests varied unsystematically across participants and type of
instruction. Following training and testing, P1, P3, P4, P6, and P8 tacted the individual images as
“vek” and “zog” 100% correctly. P2, P5, and P7 tacted the images the same way as they had
during the pre-test (e.g., B1 as “right angle,” B2 as a “plus sign,” C1 as a “dash”).
Reaction time data, measured from the presentation of a comparison stimulus to the
correct selection response on go trials, were collected via the computer software for all
participants during posttests. Mean reaction times across participants during the first block of
baseline, symmetry, and equivalence posttests were 1.109 s (range, 0.686-2.184), 0.919 s (range,
0.421-4.368), and 1.213 s (range, 0.577-4.056), respectively. All participants selected the go
comparison in under 5 s across all conditions.
Discussion
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The purpose of Experiment 1 was to assess whether the S-MTS procedure could establish
auditory-visual conditional relations and cross-modal equivalence classes. S-MTS was successful
in establishing conditional relations between auditory and visual stimuli and therefore, could be
an alternative to simultaneous MTS. The S-MTS procedure does not require learners to scan an
array of comparisons and respond to simultaneous simple discriminations of comparisons
(Green, 2001).
Moreover, the S-MTS was successful in establishing two, 3-member equivalence classes
as all participants met the symmetry and equivalence emergence criterion with no need for
remediation. The suggestion by Debert et al. (2009) to increase comparison duration during
novel testing conditions did not seem to play a role in equivalence responding as participants
touched correct comparisons under 5 s across all conditions (range, 0.421–4.368 s), replicating
results from Howland et al. (2020). Re-reading instructions during training and testing conditions
did not seem to improve performance. However, typically developing adult participants already
enter the experiment with specific histories in which instructions may exert strong control over
behavior (Rosenfarb et al., 1992), and this may influence how they respond on equivalencebased tasks (Sidman, 2000). Therefore, it is important to continue to evaluate the role of
instructions when participants are typical adults (e.g., Rosales-Ruiz et al., 2000).
Although results from Experiment 1 have shown that S-MTS produces auditory-visual
conditional relations and equivalence classes, some limitations are worth noting. Since the
current study only used two classes to equate the number of go and no-go trials, participants
needed to respond correctly to only one relation and reject the other to respond at criterion levels
in equivalence tests. For example, participants may only need to respond to B1 and C1 as related,
and reject B1 and C2, so B2 and C2 would become part of another class by exclusion (Johnson
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& Sidman, 1983; McIlvane & Stoddard, 1981). Some participants’ (i.e., P2, P3, and P7)
anecdotal statements suggested that their responding may have been under reject control. For
example, P3 stated that every time C2 would appear, she would expect B2, and if it was not
either, she would select B1 and C1 by default. Several authors (Green, 2001; Grow & LeBlanc,
2013; Sidman, 2009) have stressed the importance of teaching three classes to establish
appropriate stimulus control.
In addition to the limitation discussed above, an evaluation of more complex behaviors
associated with equivalence would have provided further support for the utility of auditory-visual
S-MTS. Previous research evaluated the generality of equivalence-based MTS to sorting tasks
and found high correspondence between performance on MTS and sorting (Arntzen et al., 2015;
Fields et al., 2012, 2014; Lian & Arntzen, 2013). Performance on sorting tests could inform if
conditional discriminations established via a S-MTS training would produce the same type of
derived performance as when simultaneous MTS procedures are implemented. Thus, the purpose
of Experiment 2 was to address the aforementioned limitations by evaluating the effects of SMTS on the establishment of three, 3-member equivalence classes and assessing generalization
of S-MTS to a sorting task. Eight participants were exposed to symmetry trials, equivalence
trials, and the sorting task prior to baseline training, while another eight participants were
exposed to the sorting task only. Given that previous research suggested sorting may serve as an
additional measure of stimulus substitutability (e.g., Fields et al., 2014), we eliminated other tests
for half of participants as a way to limit their exposure to experimental stimuli prior to training
(Lantaya et al., 2018).
Experiment 2
Method
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Participants
Sixteen typically developing adults averaging 22 years old (range, 19–31), recruited from
undergraduate psychology courses at a large public university, participated. Inclusion criteria
were the same as in Experiment 1. At the completion of the study, participants received course
credit regardless of their performance. The university’s IRB approved all procedures described
below.
Setting and Materials
The setting and materials were the same as in Experiment 1 with the addition of a third
stimulus class (i.e., A3, B3, and C3; see Figure 1). Materials for the sorting task included six,
cards measuring 3 x 5 in. with one visual stimulus (i.e., B-C) per card.
Procedure
Pretraining, experimental conditions, sequence, and instructions were the same as in
Experiment 1, except for the addition of a sorting pre-and posttest.
S-MTS Presentation. Training structure and the format of S-MTS presentation was the
same as in Experiment 1. Each block had sample and comparison combinations randomly
interspersed and depending on the phase, trials per block were either 24 (i.e., baseline and
symmetry) or 36 (i.e., equivalence; see Table 3). Unlike Experiment 1, three classes of stimuli
produced an unequal number of related and nonrelated trials. For symmetry and equivalence
tests, there were six related and 12 and 24 unrelated trials, respectively. Due to unbalanced trial
types and the need to randomize how many related trials followed unrelated trials in equivalence
tests, each related trial type appeared twice and each unrelated trial type appeared once per block
across all conditions (e.g., Debert et al., 2007).
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Pretraining. Pretraining was the same as in Experiment 1. All participants responded
correctly within the first four trials of each phase.
Pretests. Instructions and presentation format for tact, BA/CA, and BC/CB pretests were
the same as in Experiment 1. The continuation criteria were 4 of 6 correct (67%) or below for
sorting pretests (see below for details on the sorting test), 6 of 12 correct (50%) or below for tact
pretests, 16 of 24 correct (67%) or below for BA/CA pretests, and 24 of 36 correct (67%) or
below for BC/CB pretests. The experimenter stated a clarifying instruction (e.g., “Put the cards
that go together”) only during the sorting pretest if participants arranged the cards in a row
instead of grouping them. Participants 9–16 completed sorting, tact, BA/CA, and BC/CB as
pretests and participants 17–24 completed only sorting and tact as pretests.
AB/AC Baseline Training. This condition was the same as in Experiment 1. Training
blocks consisted of six related (go) trials presented twice and 12 unrelated (no-go) trials
presented once per block for a 24-trial block (see Table 3). Participants needed to score 24 of 24
(100%) for two blocks to move on to the baseline test.
AB/AC Baseline Test. This condition was the same as in Experiment 1. Participants
needed to score 24 of 24 (100%) for one block of the AB/AC baseline test to move on to
symmetry and equivalence tests.
BA/CA Symmetry Tests. This condition and the instructions were the same as in
Experiment 1. Participants first completed the symmetry test, which consisted of six related (go)
trials presented twice and 12 unrelated (no-go) trials presented once per block for a 24-trial block
in the absence of feedback (see Table 3). Regardless of performance, participants continued to
equivalence tests. Experimenters considered symmetry relations to be intact if participants scored
22 of 24 (92%) correct or higher for two 24-trial blocks.
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BC/CB Equivalence Tests. This condition and instructions were the same as in
Experiment 1. The equivalence test consisted of six related (go) trials presented two times per
block and 24 unrelated (no-go) trials presented one time per block for a 36-trial block without
feedback (see Table 3). Equivalence emergence criterion was 34 of 36 correct (94%) for two 36trial blocks.
Sorting Test. Participants received six cards and read the following instructions: “Please
sort the cards.” A correct response was scored if cards from the same class were placed together.
For example, if B1 and C1 were put together, and B2, B3, C2, and C3 were put together, then the
score was two out of six correct (33%). The emergence criterion for the sorting test was six of
six correct (100%); however, participants moved on to the tact test regardless of their
performance on the sorting test.
Tact Test. A tact test for all visual stimuli (i.e., B1, C1, B2, C2, B3, and C3) followed
the sorting test and was presented in the same format as in Experiment 1. The tact test consisted
of one, 12-trial block in which each visual stimulus appeared on the computer screen two times.
Dependent Variables
The dependent variables were the same as in Experiment 1 with the addition of the
percentage of correct number of cards sorted into experimentally defined classes. A correct sort
consisted of grouping all stimuli in a class together (e.g., B1 and C1, C2 and B2). Any other
configuration was considered incorrect (e.g., B1 only, B1 and B2).
Experimental Design
The design was the same as in Experiment 1. Participants 9–16 received tact, BA/CA,
BC/CB, and sorting pretests and participants 17–24 received only tact and sorting pretests.
Sorting has been previously proposed as an alternative measure to symmetry and equivalence
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tests to assess equivalence class formation (Arntzen et al., 2015; Fields et al., 2014). Thus,
during pretests, sorting was utilized to demonstrate that repeated exposure to experimental
stimuli was not sufficient to establish conditional relations.
Interobserver Agreement and Treatment Integrity
A second observer collected IOA and TI for 100% of sessions across all experimental
conditions and was calculated the same way as in Experiment 1. IOA scores averaged 99.1%
(range, 94.7%–100%) and TI scores averaged 99.8% (range, 97.2%–100%).
Results
Figures 3 and 4 depict the percentage of correct responses for participants 9–16 and 17–
24, respectively, across all experimental conditions. Participants responded at 0% during sorting
and tact pretests and at or below 63% on BA/CA and BC/CB pretests (P9–P16). Participants
required between 96–336 trials to reach baseline mastery criterion (i.e., baseline training and
testing blocks). Fourteen out of 16 participants responded without errors during the baseline
relations test. P16 and P22 required additional baseline training blocks before performance
reached 100% on the baseline test. All 16 participants met symmetry and equivalence emergence
criterion within two blocks. In addition, there were no differences in baseline trials to criterion or
passing derived tests between participants that received sorting, BA/CA, and BC/CB pretests and
those that only received sorting as pretests. Five participants (P9, P10, P13, P23, and P24) did
not re-read instructions at any point during the experiment. The rest of the participants varied
unsystematically at what phase of the experiment they re-read the instructions. Re-reading did
not seem to affect performance, as participants who did and those who did not re-read
instructions during baseline completed training in a similar number of trials to criterion (e.g., P13
and P15; see Figure 3) and passed derived tests.
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Following testing of symmetry and equivalence, 8 out of 16 participants (P9, P10, P11,
P18, P20, P22, P23, and P24) tacted the individual images as “vek,” “zog,” and “pif” at 100%
accuracy, and P12, P13, P16, and P17 tacted all the images using familiar names (e.g., B3 as
“oval”; diamonds in graphs). Anecdotally, three participants stated that they did not tact the
images as “vek,” “zog,” and “pif,” because these images already had conventional names (e.g.,
C1 as “rectangle”). P14, P15, and P19 scored 67-75% because they tacted zog as “h,” pif as
“sig,” and vek as “zak,” respectively. In addition, 15 out of 16 participants sorted the stimuli in
experimenter-defined classes. P19 sorted the stimuli into the same grouping that she did in the
pretest.
The mean reaction times during the first block of baseline, symmetry, and equivalence
posttests were 1.078 s (range, 0.483-2.871), 0.826 s (range, 0.358-2.933), and 1.200 s (range,
0.655-7.098), respectively. For one of the trials, P15 selected a correct comparison at 7.098 s,
while responding at or below 4 s in all other trials.
Discussion
One purpose of Experiment 2 was to assess whether the results of Experiment 1 could be
extended to three, 3-member equivalence classes. S-MTS produced three, 3-member equivalence
classes as all participants met emergence criteria. Only two participants (P16 and P22) required
additional training blocks before meeting criterion on the baseline test.
Moreover, the addition of a third class in Experiment 2 ruled out the possibility that
correct responses on equivalence tests in Experiment 1 were due to chance or learning by
exclusion (McIlvane & Stoddard, 1981). Participants could not pass equivalence by only
correctly grouping two stimuli based on physical similarities because there were four additional
stimuli. Furthermore, the addition of the third class and unbalanced trial types did not hinder
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correct responding on equivalence tests or produce bias towards unrelated trials, replicating
results from Lantaya et al. (2018; Experiment 3). In addition, similarly to Experiment 1, the
reaction time data remained under 5 s across all conditions and participants. Even though
previous research (Debert et al., 2009) has suggested that comparisons should remain on the
screen for 8 s to give participants enough time to respond, this did not seem necessary given the
current procedural parameters.
The secondary purpose of Experiment 2 was to evaluate if conditional discrimination
training via S-MTS could produce stimulus substitutability as assessed via a sorting task. Sorting
has been suggested as one way to provide additional validation of class-consistent responding
(Dymond & Rehfeldt, 2001). Previous research utilizing MTS to establish conditional
discriminations demonstrated that equivalence responding was consistent across simultaneous
MTS and sorting presentations (e.g., Arntzen et al., 2014; 2017). All participants of the present
experiment met the equivalence emergence criterion assessed via S-MTS (P9-P24) and 15 out of
16 sorted visual stimuli in experimenter-defined classes.
General Discussion
The go/no-go auditory-visual S-MTS established auditory-visual conditional relations
(i.e., listener behavior) and demonstrated the emergence of equivalence classes for all 24
participants with either two (Experiment 1) or three, 3-member classes (Experiment 2). The
addition of a third class did not seem to have made the task any more difficult or bias
responding. Baseline trials to criterion (i.e., training and testing trials) were higher in Experiment
2 (M = 182, SD = 64) than in Experiment 1 (M = 86; SD = 24). The differences in trials to
criterion can be attributed to the addition of a third class in Experiment 2, which resulted in a
higher number of trials per block (24 trials compared to 16 trials in Experiment 1). All
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participants passed equivalence tests, replicating the most recent findings obtained with visualvisual S-MTS (Howland et al., 2020). In addition, as discussed above, increasing the comparison
duration to 8 s may not have been necessary as all participants responded within 5 s of the related
comparison presentations. Previous research requiring longer comparison durations have utilized
a go/no-go arrangement with compound, rather than single stimulus presentations (Debert et al.,
2009).
The S-MTS format with go/no-go produced the same outcomes on sorting tests as the
simultaneous MTS format, and may therefore be a viable alternative for establishing auditoryvisual conditional relations and auditory-visual equivalence classes. In addition, there were no
differences in subsequent responding between participants that were only exposed to sorting
pretests and those that were exposed to symmetry, equivalence, and sorting pretests. With
exception of one participant (P19), there was correspondence between performance on SMTS
and sorting posttests. Even though sorting does assess all properties of an equivalence class (i.e.,
reflexivity, symmetry, and transitivity), it may serve to test for stimulus substitutability (Arntzen
et al., 2015; Dymond & Rehfeldt, 2001; Fields et al., 2014). The use of sorting as a pretest may
be advantageous as it limits the exposure to conditional stimulus relations pretests which could
have detrimental effects on equivalence yields (e.g., Lantaya et al., 2018).
A possible advantage of S-MTS is that it may allow for the assessment of emergent
auditory-auditory conditional relations without procedural modifications. Dube et al. (1993)
attempted to establish an all-auditory equivalence class with a two-comparison array. Once the
sample was paired with each comparison location (left and right) successively, participants
touched the comparison location that went with the sample. Even though this procedure was
successful in demonstrating equivalence class formation for two of seven participants, the
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location of each comparison may have likely become part of the class. There have been a few
studies attempting to remediate poor listener repertoires in children with developmental
disabilities by establishing auditory-auditory conditional discriminations via simultaneous MTS
(e.g., Choi et al., 2015; Speckman-Collins et al., 2007). Thus, the S-MTS may serve as an
alternative for establishing these types of auditory-auditory discriminations, and for developing
equivalence classes comprised solely of auditory stimuli.
Previous studies on simultaneous MTS with typically developing children comparing
auditory-visual and visual-visual MTS reported improved performances on equivalence and
sorting tests following auditory-visual rather than visual-visual matching (Smeets & BarnesHolmes, 2005; Plaza & Cortez, 2017). For example, Smeets and Barnes-Holmes (2005) found
that only two out of eight participants passed equivalence tests following visual-visual
simultaneous MTS. Of the eight participants that underwent visual-visual discrimination, seven
passed equivalence tests once they were taught auditory-visual conditional discriminations. In
contrast, seven out of eight other participants passed equivalence tests when the first exposure to
MTS was auditory-visual. Furthermore, all eight participants passed the sorting task when
auditory-visual MTS was presented and only one out of eight passed when exposed to visualvisual MTS. The current study, the first employing S-MTS to establish auditory-visual
conditional relations, produced more consistent yields in equivalence tests than previous studies
which trained visual classes only (Howland et al., 2020; Lantaya et al., 2018). Thus, it may be
important to further evaluate the role of stimulus modality on equivalence class formation in the
go/no-go S-MTS format.
A possible limitation of the study is that by asking participants to tact stimuli during
pretests, their vocal-verbal responses may have come under control of specific physical features
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of the stimuli, and for some participants, these tacts remained unchanged throughout the
experiment. Anecdotally, P2 stated, “I thought to label as zog and vek, but I know them [shapes]
as other names” and P5 said, “It’s too weird to call them that” when asked why they did not label
the visual stimuli as “vek” or “zog.” All participants who failed tact tests, responded similarly
during both tact pre and posttests.
Another possible limitation is that the effects of written instructions on equivalence
responding were unclear. Only four participants in the present study (i.e., P8 in Experiment 1
during symmetry; P14, P17, and P20 in Experiment 2 during equivalence) re-read instructions
during derived tests. There were no differences on equivalence performances between those
participants who re-read and those who did not, as all participants, across both experiments,
passed equivalence tests. Re-reading instructions could have influenced responding during
baseline training (e.g., P5, P8, P12, P15, P16); however, there were no differences in trials to
criterion across participants within and between Experiments 1 and 2. Since we did not directly
assess the effects of instructions on equivalence yields, conclusions regarding the role of
instructions cannot be made. However, previous research has suggested that when employing
typically developing adults as participants, the availability (Smeets et al., 2006) and content of
instructions may enhance equivalence yields (Pilgrim et al., 2000; Saunders et al., 1993). Future
studies should systematically manipulate the availability and content of instructions during SMTS procedures.
In summary, as conducted, the auditory-visual S-MTS procedure may be effective in
establishing listener behavior and auditory-visual equivalence classes. The ability to easily
incorporate auditory stimuli as comparisons makes S-MTS also ideal for establishing auditoryonly classes. Additionally, to evaluate whether S-MTS can be utilized in an applied setting some
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modifications may be necessary, such as incorporating prompting procedures to prevent
participants from touching incorrect comparisons (Silva & Debert, 2017) and teaching an
alternative response to no-go comparisons (Tovar & Chavez, 2012). Future research should
evaluate the possible applied uses of this procedure, as well as compare its efficiency and
effectiveness with the simultaneous MTS.
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Table 1
Experiment 1 Instructions for Pretraining and Experimental Conditions
Pretraining
Pretest

Experimental Conditions
Once the task begins, an image will appear on
the screen. After you touch that image,
another image or a sound will appear. Touch
the second image or sound if you think it goes
with the first one. During this phase, you get
no points or sounds as feedback. Remember,
you can read these instructions at any time.
They will be placed here.

Baseline Training
During this phase you will group sounds and
images together. Once the task begins, an audio
will play. Then a green box will appear. You will
touch the green box and an image will appear in
the same location. If the image goes with the
audio, touch the image. If the image does not go
with the audio, then do not touch it and wait for
the image to disappear. As you go through, you
will get points when sounds and images go
together, and you will not get points when they
don't. Remember, you can read these instructions
at any time. They will be placed here.
Baseline Test

During this phase you are going to learn how to
group sounds and images together. Once the task
begins, an audio will play. Then a green box will
appear. You will touch the green box and an
image will appear in the same location. If the
image goes with the audio, touch the image. If the
image does not go with the audio, then do not
touch it and wait for the image to disappear. As
you go through, you will get points when sounds
and images go together, and you will not get
points when they don't. Remember, you can read
these instructions at any time. They will be placed
here.
Continue touching the sounds and images that go
together as before. During this time no points or
sounds will be presented. Remember, you can
read these instructions at any time.

Symmetry Test
This is a new phase. An image will appear on the
screen. After you touch that image, a sound will
play. Touch the white box if the sound goes with
the image. During this phase, you will get no
points or sounds as feedback. Remember, you can
read these instructions at any time. They will be
placed here.

This is a new phase. Use what you have learned
so far to figure out which images and sounds go
together. An image will appear on the screen.
After you touch that image, a sound will play.
Touch the white box if the sound goes with the
image. During this phase, you will get no points
or sounds as feedback. Remember, you can read
these instructions at any time. They will be placed
here.
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Equivalence Test
This is a new phase. An image will appear on the
screen. After you touch the image, another image
will appear. Touch the second image if you think
it goes with the first one. During this phase, you
will get no points or sounds as feedback.
Remember, you can read these instructions at any
time. They will be placed here.

This is a new phase. Use what you have learned
so far to figure out which images go together. An
image will appear on the screen. After you touch
the image, another image will appear. Touch the
second image if you think it goes with the first
one. During this phase, you will get no points or
sounds as feedback. Remember, you can read
these instructions at any time. They will be placed
here.
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Table 2
Experiment 1 Stimulus Relations and Target Responses
Relations
AB/AC relations

Related (Go)
A1B1
A1C1
A2B2
A2C2

Nonrelated (No-Go)
A1B2
A1C2
A2B1
A2C1

BA/CA relations

B1A1
C1A1
B2A2
C2A2

B2A1
C2A1
B1A2
C1A2

BC/CB relations

B1C1
B2C2
C1B1
C2B2

B2C1
B1C2
C1B2
C2B1
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Table 3
Experiment 2 Stimulus Relations and Target Responses
Relations
AB/AC Baseline relations

Related (Go)
A1B1
A1C1
A2B2
A2C2
A3B3
A3C3

Nonrelated (No-Go)
A1B2
A1C2
A1B3
A1C3
A2B1
A2C1

A2B3
A2C3
A3B1
A3C1
A3B2
A3C2

BA/CA Symmetry relations

B1A1
C1A1
B2A2
C2A2
B3A3
C3B3

B2A1
C2A1
B3A1
C3A1
B1A2
C1A2

B3A2
C3A2
B1A3
C1A3
B2A3
C2A3

BC/CB Equivalence relations

B1C1
C1B1
B2C2
C2B2
B3C3
C3B3

B1B2
B1C2
B1B3
B1C3
C1B2
C1C2
C1B3
C1C3
B2B3
B2C3
B3C2
C2B3

B2B1
C2B1
B3B1
C3B1
B2C1
C2C1
B3C1
C3C1
B3B2
C3B2
C2C3
C3C2
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Figure 1
Experiment 1 and 2 Stimuli
A

Class 1

B

C

“VEK”

Class 2

“ZOG”

Class 3

“PIF”

Note. Classes 1 and 2 were used in Experiment 1. Classes 1-3 were used in Experiment 2.
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Figure 2
Experiment 1 Results for P1–P8
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Note. Open shapes denote training and closed shapes denote testing. An asterisk above a shape
indicates that participants re-read the instructions.
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Figure 3
Experiment 2 Result for P9–P16
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Note. Open shapes denote training and closed shapes denote testing. An asterisk above a shape
indicates that participants re-read the instructions.
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Figure 4

Experiment 2 Results for P17–P24
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Note. Open shapes denote training and closed shapes denote testing. An asterisk above a shape
indicates that participants reread the instructions.

